The internet is increasingly being used for cross-sectional surveys and online panels . Although internet accessibility is growing across developed and developing countries, it seems unlikely that the internet alone will ever provide complete coverage of the general population . Given the incomplete coverage and imbalanced penetration rate of the internet across segments of the population, it is pertinent both for survey companies and academics to assess the potential of mixing the internet with other survey modes as part of a strategy to assure validity of inferential samples when surveying general populations . The purpose of this research was to evaluate to what extent coverage error in internet surveys can be reduced by surveying the offline population via telephone . We use data from Eurobarometer collected in the EU27 member states to simulate first an internetbased survey and then a mixed-mode survey combining the internet with the telephone . Comparisons are made to identify differences in the socio-demographic characteristics of internet households and those of non-internet households with telephone . Coverage error is also estimated in each survey design . Findings reveal significant socio-demographic differences and although the coverage error is reduced in the mixed-mode survey design, it cannot be completely eliminated . Moreover, the outcomes are not homogeneous across countries .
Introduction
Widespread internet access and its broad use for a variety of purposes have been contributing to the adoption of the internet for survey work . As internet surveys are more cost efficient than other modes and make larger samples affordable, it is not surprising that many survey research companies are making the internet their mode of choice in surveys (e .g . Einhart 2003; Potoglou & Kanaroglou 2008; De Leeuw 2010) . Either as online panels or cross-sectional surveys, the use of the internet for survey purposes is widespread in several domains (e .g . Comley 2007; Couper 2007; Göritz 2007; Tortora 2009 ) .
Although internet-based surveys are on the rise, the use of the internet to conduct inferential surveys poses some concerns . Coverage error, sampling error and non-response error are major threats to inference in internet-based surveys . From a survey methodology point of view, internet-based surveys have potentially bigger problems of coverage error than traditional survey modes . In national population surveys the coverage error is generally lower for face-to-face and postal modes in which samples are drawn from lists of addresses, electoral rolls or population registers (although the availability of such lists varies considerably between countries) . In telephone surveys the level of coverage error depends mostly upon the proportion of households in the population without fixed telephones . By definition, online panels or any cross-sectional internet-based surveys do not cover non-internet household members, and thus are not representative of this population's subgroup . This is analysed in further detail in the next section .
Sample selection is another major threat to inference . It can lead to error in surveys when the selection mechanism systematically excludes some units of the target population from the possibility of selection . This problem is ultimately caused by the difficulty (and in some cases the impossibility) in obtaining a sampling frame that adequately represents the units of the target population . Only when the sampling frame offers a good representation of the target population can probability sampling and statistical inferential principles be applied; when there is no sampling frame, the sample must be selected via a non-probabilistic procedure and thus no scientific validity can be given to generalisations for the target population . As most internet-based surveys on general populations have no available lists with reliable representativeness of the target population, respondents must be selected using a non-probabilistic selection mechanism (Nathan 2001a) . In these cases, the most commonly used methods to select the respondents are self-selected surveys or volunteer opt-in panels of internet users (Couper 2000) . With self-selected surveys, respondents are selected via invitations on portals, frequently visited websites or sites dedicated to 'surveys' . Frequent users of the internet or frequent visitors to certain sites are more likely to be 'selected' than infrequent users in this kind of procedure; it is therefore likely to cause a sampling error and thus threaten valid inferences . With volunteer opt-in panels, a panel of volunteers is formed through extensive appeals on well-travelled sites and internet portals . Basic demographic information is collected from these volunteers at the time of registration, creating a large database of potential respondents for later surveys . Access to these later surveys is typically by invitation only and is controlled through access codes . The respondents can be randomly selected and some characteristics of the respondents may be controlled by quota schemes; however, as this does not erase the self-selected non-probability character of the panel, there is no guarantee that valid generalisations of results to wider populations can be made . In both self-selected surveys and volunteer opt-in panels the surveyor depends on the will/decision of the potential respondents to enter the survey/panel; this is a risk for validity as there is no guarantee that the people who decide to participate are representative of those who decide not to do so .
As for non-response, the validity of inferences can be threatened if the non-response rate is high and/or if there is a marked difference between respondents and non-respondents in relevant variables under study . The literature on non-response error in internet-based surveys focuses mainly on evaluating the (non-)response rates, its determinants and the strategies to cope with the problem . The response rates in internet-based surveys can be very heterogeneous, ranging from near 10% to over 80% (Lozar Manfreda et al . 2008) . Some studies report lower response rates for internet-based surveys than for other modes (e .g . Knapp & Kirk 2003; Hayslett & Wildemuth 2004) , while others report the contrary (e .g . Wygant & Lindorf 1999; Cobanoglu et al . 2001) . The meta-analysis by Lozar Manfreda et al . (2008) reveals that response rates of web surveys tend to be higher in panel surveys than in one-time cross-sectional surveys, and also when the invitation mode and response mode are of the same type . Strategies to guarantee high response rates in internet-based surveys may involve offering the individuals some kind of incentive (e .g . a prize) that seduces them into cooperating, a contact strategy that convinces the individual of the importance of cooperating, or manipulating certain aspects of the survey in order not to put the individuals off cooperating (e .g . designing a good questionnaire) (Vicente & Reis 2010b) .
Despite these obstacles, the internet is here to stay as a survey research mode, and the challenge for academics and professionals is to get the most out of it while correcting or minimising its less positive aspects .
Background
There is no point implementing strategies to reduce non-response or developing procedures for good sample selection if the survey mode we are using does not adequately cover the target population . Coverage error is the most serious methodological problem for the vast majority of internet-based surveys on the general population . First, the magnitude of coverage error depends, above all, on each member of the population having access to the internet . Despite the impressive growth in internet access in both developed and developing countries, the percentage of those with internet access is still far from covering the entire population . Internet penetration at household level across Europe varies from one country to another, ranging from less than 45% in countries such as Greece, Spain, Hungary and the Czech Republic, to more than 75% in countries such as the Netherlands, Denmark and Sweden (European Commission 2009) . In the United States, nearly 65% of households have an internet connection (Callegaro & Wells 2008) .
Second, coverage error is influenced by the differences between those with and without internet access, and these differences do exist . Internet households tend to have younger members, with a high income level and are more highly educated (e .g . Couper 2000; Pierkarski et al . 2008; Rookey et al. 2008; Zhang et al. 2009 ) . Differences also exist in substantive variables such as political opinions and social attitudes (Robinson et al. 2002) , economic perceptions of the country (Valliant & Lee 2005) , product and service consumption (Pierkarski et al . 2008) and personal health characteristics (Dever et al. 2008) . As such, survey companies are forced to look for solutions to ensure a valid inferential analysis in internet surveys .
One possible strategy to reduce the impact of non-internet households' exclusion on survey estimates is appropriate weighting procedures of the internet sample . The efficacy of such a strategy is not conclusive however, since contradictory conclusions are found in the literature . Dever et al . (2008) found that a logistic regression accounting for the demographic differences between with-and without-internet respondents made most differences on health-related variables estimates disappear . Valliant and Lee (2005) found that, for most of the variables under investigation in their country's economic perceptions survey, the difference between internet users and non-users disappeared after controlling for variables such as income and home ownership in survey-weighted logistic regressions . The authors concluded that, for the variables analysed, statistical adjustments to web-survey weights using calibration to population totals for socio-economic variables could reduce the error of surveys using only the online population . However, Robinson et al . (2002) reached the conclusion that adjusting the differences between internet users and non-users by demographic factors (using Multiple Classification Analysis) could not eliminate the differences in attitudinal questions measuring tolerance and diversity . A study by Robinson and Martin (2005) concluded that the differences between internet users and non-users on political issues, racial views, self-perception of health and personal trust are so strong that demographic adjustments are incapable of eliminating coverage error . Using a multinomial logistic regression to evaluate the impact of the digital divide in the estimation of attitudinal and behavioural parameters, Zhang et al . (2009) conclude that the odds ratios of the model could be reduced by controlling for the geo-demographic differences of with-and without-internet respondents, but not always to the point of getting close to 1 (which corresponds to differences' non-existence) .
Alternatively, a dual-frame mixed-mode design (De Leeuw 2005) can be used as a strategy to reduce coverage error on survey estimates . Dual-frame surveys have long been acknowledged as a possible solution for the problem of insufficient coverage of a single sampling frame . A principal frame that provides nearly complete coverage of the target population may be supplemented by a frame that provides better or unique coverage for the population elements absent or poorly covered in the principal frame (Roberts 2007) .
A mixed-mode survey system aimed at improving coverage is designed to have 'one sample, one questionnaire, different sample persons and different modes ' (De Leeuw 2005) , which means that one mode of data collection is used for some respondents of a sample and another mode for others in the same sample, in order to collect data using the same instrument . Internet and telephone hybrids are becoming increasingly popular as the development of special multi-mode CATI/CAWI software also indicates (Macer 2004) . Both corporate and commercial research firms as well as academics now tend to supplement or replace telephone with internet-based surveys .
Empirical research has already been conducted involving the internet and telephone simultaneously, but its objective has mainly been focused on comparing the modes regarding sample equivalence, response rates, survey costs and data quality (e .g . Taylor 2000; Roster et al . 2004; Fricker et al . 2005; Potoglou & Kanaroglou 2008) , in order to assess the advantages/ disadvantages of using one mode versus using the other . An investigation of the potential benefits and issues arising from a combination of the modes in the same survey has not been made to date, but this is an appropriate moment to do so . As stated by Nathan (2001b) and more recently by Blyth (2008) , we are coming to an age where, despite the increase in overall telecommunications coverage, none of the telecommunications modes will in itself provide almost complete coverage of the general population . Therefore, mixed-mode surveys and dual-or multiple-frames methodologies will have to become predominant .
A mixed-mode design in which the telephone is used to help reduce the coverage error in an internet survey is one where some of the respondents are reached via internet, while the telephone is used to reach those without internet coverage . The combination of the modes may cause either an overlapping design, whereby some units of the population can be reached by both the internet and the telephone, or a non-overlapping design in which the internet population is reached via internet and the telephone is used solely to reach those who cannot be reached via internet . While both designs allow the same level of population coverage to be achieved, the overlapping design requires the application of sample weighting in order to account for different unit selection probabilities .
The objective of this study is to evaluate to what extent combining the telephone and the internet can reduce the coverage error of an internet-based survey . We shall consider a non-overlapping design in order to avoid possible confounding effects of sample weighting on survey estimates . More specifically, the study: (a) identifies socio-demographic characteristics that better distinguish internet households from non-internet households with telephone; (b) estimates the coverage error in an internet-based survey; (c) estimates the coverage error in a mixed-mode internet + telephone design; and (d) discusses the issues and practical implications of implementing an internet + telephone survey .
Data and methodology
At the request of the European Commission, in 2009 the Eurobarometer Wave 72 .1 collected data on attitudes and behaviours of European citizens regarding diverse social and economic issues, such as poverty, social services, self-perception of satisfaction, climate change, and national and international economic situation . The study covers the population of the respective nationalities of the 27 European Union (EU) member states, resident in each of the member states and aged 15 years and over . A multi-stage random sample is the basic sample design applied in all states . All interviews are conducted face-to-face in people's homes and in the appropriate national language . The average sample size per country is approximately 1000 interviews (European Commission 2009) . The total sample size of Wave 72 .1 is 26,719 cases .
Most studies on coverage error in internet surveys are made using data collected via the internet . In the present study, the fact that data are collected via face-to-face interviews allows a theoretical coverage rate of the population of 100%, thus permitting the isolation of the effect of internet non-coverage on possible error in survey statistics . Additionally, the fact that data are collected for all 27 EU member states permits the identification of different scenarios of internet coverage and telephone coverage, which can be used to better evaluate the efficacy of the internet + telephone combination in coverage error reduction .
From the Eurobarometer, 19 measures of personal attitudes and behaviours, 7 socio-demographic variables and 2 telecommunication access variables -internet access at home and telephone access at home -were selected for analysis . Blyth (2008) discusses the ambiguity of the term 'internet access' -it depends on the places of access (home, work, school, internet café …) and on the devices of access (computer, mobile phone, TV …) -and the impact of such ambiguity on studies with comparative analysis involving the mode . In order to produce a valid base for coverage comparisons with the telephone (which is always a home device), in this study internet access has been restricted to internet access at home .
Since the proportion of non-covered population is a component of coverage error (e .g . Groves 1989) , it can be hypothesised that the mixed-mode internet + telephone design may produce distinct results in reducing coverage error depending on the baseline scenario of internet and telephone coverage . As the Eurobarometer collects data for all the member states of the European Union, and the scenario of telecommunications access is quite different between countries, the analysis starts with a segmentation of the EU27 countries in order to organise them into homogeneous groups for type of telecommunications access at home . The two classification variables used are the percentage of households with internet access and the percentage of households with fixed telephone . This analysis is expected to reveal at least two segments with distinct profiles, which will be used in the subsequent analyses to evaluate the hypothesis formulated .
In a second stage of the analysis, a classification tree analysis is made in order to predict individuals' membership in the classes of the dependent variable: type of telecommunication at home (coded as 1-internet household and 0-non-internet household with fixed telephone) . The following variables are used as predictors: sex (male and female), age (<55 years and ≥55 years), education (<20 years at school and ≥20 years at school), employment status (employed, unemployed and retired), marital status (married/living with a partner and single), net monthly income needed for an acceptable standard of living (<2000 euros and ≥2000 euros) and presence of children in the household (yes and no) . A classification tree is produced for each of the segments of countries previously identified, in order to compare the profile of internet households in distinct coverage scenarios of type of telecommunications at home . The analysis is made using the CHAID procedure of SPSS-PASW 17 .0 . The procedure starts with the entire sample in each segment and searches among all the possible splits of each predictor variable . The program then chooses the split that maximises the differences in the distribution of the dependent variable between the subgroups, measured by the likelihood-ratio chi-square statistic . The analysis is repeated for each resulting group and the branches of the tree expand until the reduction in error variance becomes less than 0 .1% .
In a third stage, the analysis proceeds with the coverage error estimation for a set of attitudinal and behavioural measures taken from the Eurobarometer . Coverage error for each measure, Y, is estimated using the following formula, adapted from Groves (1989) :
where Y C denotes the value of the measure for those covered by the survey design, Y NC is the value of the measure for those not covered by the survey design and W NC is the proportion of the target population not covered by the survey design .
The coverage error is first estimated under the single-mode internet design by comparing internet household estimates with non-internet household estimates . Coverage error is then estimated under the mixed-mode design by comparing the internet + telephone household estimates with the non-covered household estimates .
Results

Countries' profiles of internet and telephone access
A hierarchical cluster analysis was conducted in order to find segments among the EU27 countries according to type of telecommunications access in the household . The dendrogram indicated the existence of two or three segments .
The increase in the agglomeration coefficient was considerably higher when going from two to one segment (18021 .63 -7312 .38 = 10709 .21) than from three to two segments (7312 .38 -5187 .93 = 2124 .45) . As such, the two-segment solution was chosen as it registered the largest difference in the agglomeration coefficient between two segments and one . Table 1 presents the segments' composition in terms of the two classification variables and percentage of households without internet access but with fixed phone .
With regard to the classification variables, the two countries' segments can be described as follows . In Segment A, on average nearly 25% of the households do not have internet access and have a fixed phone, while this figure goes up to 33 .5% in Segment B . In a scenario where the internet is combined with the 
Socio-demographics of internet coverage
In this section an evaluation is made on the socio-demographic characteristics of internet households in contrast to those without internet but with fixed phone access . The objective of such a comparison is to evaluate to what extent using the telephone to cover those without internet access allows us to reach people with significantly different characteristics from those covered by the internet . A classification tree analysis is made both for Segment A and Segment B (see Figures 1 and 2, respectively) . In each node, figures within brackets represent the percentage of households in the corresponding group with internet access at home . The classification trees are different not only in the variables that most differentiate the two subgroups -internet households vs non-internet households with telephone -but also in their relative importance . In Segment B, age, employment status and education are the strongest, second strongest and third strongest predictors of an internet household (as opposed to a non-internet with telephone connection household) . The presence of the young (less than 55 years), employed and those with more education (20 or more years at school) increases the likelihood of being an internet household (87 .2%) . In contrast, the percentage of internet households goes down (10%) where there are people over the age of 55 years, retired and with less than 20 years of schooling .
In Segment A, age is the strongest predictor of an internet household . As in Segment B, the percentage of internet households increases in the younger age group (91 .9%) . As for the second and third strongest predictors, these vary depending on the age group of the household . In the under-55 age group, the percentage of internet households decreases if the employment status is either retired or unemployed, and decreases even more if the education level is low (69 .4%) . Among the older age group, educational level is the strongest predictor of internet access, and within each group of educational level it is marital status that most accounts for the differences in the percentage of internet households . Specifically, the percentage of internet households decreases in the 55 and The outcomes of the classification tree analysis emphasise that internet households are significantly different from non-internet households with telephone . As such, combining the telephone with the internet is expected to cause a reduction in the bias regarding age, employment status, educational level and marital status in countries belonging to Segment A, and a reduction in bias regarding age, employment status and educational level in Segment B . The outcomes also illustrate that internet coverage is not an absolute since the profile of the offline households is not homogeneous between segments of countries .
Coverage error estimation for substantive variables
This section evaluates coverage error in a single-mode internet design and in a mixed-mode internet + telephone design for 19 attitudinal and behavioural measures selected from the Eurobarometer dataset . The results are presented in Table 2 and were computed using the previously presented formula (see above) . The coverage rate achieved by each survey design is presented in brackets, at the top of each column .
The coverage error is significantly different from zero in the internet survey design for several measures, which means that internet household estimates are different from non-internet household estimates . In Segment A, 18 out of the 19 measures show a magnitude of coverage error ranging (in absolute terms) from 0 .7 percentage points to 6 .6 percentage points (significant at p < 0 .01); in Segment B, 16 of the 19 measures show a magnitude of coverage error ranging (in absolute terms) from 1 .0 percentage points to 14 .5 percentage points (significant at p < 0 .05) . In both segments, 'satisfaction with family life' and 'satisfaction with health' are the measures showing the highest values of coverage error . Internet households are more satisfied than non-internet households . The lowest values of coverage error are found among 'serious problems facing the world' measures; the differences between internet and non-internet households are not monotonic and the patterns are distinct between segments . On the 'financial risks' measures, internet households are more optimistic than non-internet households since all the measures in this set have a negative sign for coverage error . In all, these results are largely in line with the literature on the digital divide, which reports that internet households are not representative of the non-internet population in diverse Significance levels relate to the comparison between the households covered by the mixed-mode internet + telephone design and the households excluded T-test significance: *p < 0.05, **p < 0.01, ***p < 0.001 substantive variables (Robinson et al . 2002; Valliant & Lee 2005; Dever et al . 2008; Pierkarski et al . 2008; Zhang et al . 2009 ) . The mixed-mode design brings improved results to survey estimates . In fact, the magnitude of coverage error is less than the corresponding magnitude in the single-mode internet design in all the 19 measures in Segment A, and in 17 of the 19 measures in Segment B ('terrorism' and 'nuclear weapons' are the only exceptions) . Despite the general decrease in coverage error magnitude, most values remain significantly different from zero (p < 0 .05) in both segments . Among the set of measures with significant differences, the magnitude of coverage error ranges (in absolute terms) from 0 .2 percentage points to 2 .1 percentage points in Segment A and from 0 .2 percentage points to 4 .1 percentage points in Segment B . The 'satisfaction' measures show the strongest decrease in coverage error . In the 'serious problems facing the world' measures the coverage error almost disappears, especially in Segment A where the values do not exceed 0 .5 percentage points (in absolute terms) .
Discussion and conclusions
This analysis, based on the Eurobarometer data, made it possible to identity two groups of countries that are different both in terms of percentage of households with internet access and percentage of households with fixed telephone: Segment A, with an average of nearly 70% of households with internet, and Segment B in which less than 50% of households have internet . These results indicate that, despite the general upward trend in internet penetration across Europe, each country is moving at its own pace and not all countries have yet reached the same stage .
Results also revealed significant differences in socio-demographic profiles when internet households are compared with non-internet households with telephone . While age was the strongest predictor of internet access at home in both segments of countries, employment status, educational level and marital status were the second and third strongest predictors of internet access at home in Segment A, whereas employment status and then educational level mostly accounted for the distinction between households with and households without internet but with telephone in Segment B . This means that internet coverage is not an absolute since its characteristics vary between countries . In transnational surveys where the internet population is involved, it is important to bear in mind that the internet population may not be the 'same' in different countries, and specific sample adjustments may therefore be necessary to ensure comparability .
Another outcome of the study is that excluding non-internet households had a different impact on survey estimates for the two segments and was not the same for the parameters under estimation . The segment with lower internet coverage rate (Segment B) showed higher values of coverage error than Segment A in most of the parameters under study . The magnitude of coverage error was also different across measures, and it was 'satisfaction' measures that were most affected by non-internet households' exclusion . This again highlights the fact that the level of accuracy of internet-based surveys is not an absolute, but must be related to the country where the survey is conducted and to the parameters under analysis .
As for the mixed-mode design, the study points to different degrees of efficacy in each segment of countries . If we look first at the coverage rate, the mixed-mode design allows 94 .7% coverage of the population in Segment A; this means that only 5 .3% of the population is excluded from a survey conducted using such a design because they cannot be accessed by either internet or telephone . The percentage of population excluded in Segment B is higher: 17 .7% . The lower overall coverage rate of the mixed-mode design in Segment B is explained largely by the lower coverage rate of the telephone in this segment, which is 34 .5% lower than in Segment A .
3 As such, consideration must be given to the coverage scenario of each single mode when designing a specific combination of modes aimed at improving coverage; this is not equal across countries and therefore the 'best' mixed-mode design must be customised in each country .
The impact on coverage error magnitude is another issue that must be taken into consideration when assessing the mixed-mode design efficacy . In our study, we see a decrease in the magnitude of coverage error in most of the estimates, which is a sign that combining the internet with the telephone can bring improved accuracy to survey results . Although many coverage error estimates remained significantly different from zero after combining the modes, in fact the error is reduced for most measures . The 'satisfaction' measures benefit most from the mixing, while the change between a single mode and a mixed-mode design did not have such a strong impact for the other measures . However, the magnitude of the effect is different between segments . While in Segment A none of the estimates of coverage error exceeds 2 .1% after combining the modes, in Segment B there are estimates of coverage error over 4% . Whether these results are satisfactory depends ultimately on the objective of the survey . Surveys that require accurate estimates must be attentive even to small errors; this is the case of election polls or media surveys that aim to estimate proportions for the overall population, or online panels aimed at detecting small variations between waves . In cases like these, coverage errors of 4% or higher may lead to incorrect conclusions and therefore must not be neglected .
In short, as marketers and academics shift from traditional modes to surveys on the internet, it is critical to consider representation of the non-internet population if survey quality is to be guaranteed . As the efficacy of weighting appears to be inconclusive, alternatively the internet can be combined with other modes . The specific combination of the internet with the telephone reduces coverage error considerably, not only because it allows the overall coverage rate to improve but also because the differences between the with-and without-internet segments could be 'reduced' by the inclusion of telephone users .
In addition to shedding light on how a mixed-mode design survey involving the internet and the telephone can contribute to reduce coverage error, it is also important to discuss the methodological issues arising from such a survey design . We refer specifically to sample selection, non-response and data quality .
Regarding sample selection, the mixing of internet and telephone implies that one part of the sample is contacted via internet and another is contacted via telephone . Several difficulties must be overcome when selecting internet respondents . First, it is well known that there is no single registry or list of email addresses representing the general internet population . Second, unlike random number generation in telephone surveys, email addresses cannot be assembled randomly . Even if theoretically it would appear to be possible to 'construct' email addresses by repeatedly combining letters, numbers and symbols at random, in practice most of such addresses would not work . More importantly, the unstructured nature of the internet means that even if the enormous number of undelivered email messages that would result could be tolerated, they could not be useful as the basis for a probability sample (Fricker 2006) . Since it is impossible to implement a list-based sampling procedure, the 'internet part' of the sample must be selected by some kind of self-selection procedure such as those described previously . For the selection of telephone respondents, random digit dialling (RDD) procedures can be adopted . As the telephone is used to reach those without internet, the sampling frame of telephone numbers should contain only the units that have telephone but not internet access . This implies that an informative sampling frame of telephone numbers is available, which is usually not the case since the 'list' of telephone numbers used in RDD procedures is a random numbers generator . As such, the selection of the 'telephone part' of the sample requires a significant amount of screening in order to identify the units without internet that can be interviewed . In short, the sample in this particular mixed-mode design is a mixture of probability and non-probability selection, which requires caution when generalising the results to the target population .
In the context of panel surveys, sample selection can be supported by a large database of panellists previously constructed to serve as a sampling frame in specific surveys . When the panel is constructed, several kinds of information can be collected from each panellist at the recruitment interview; this includes asking about the availability of internet (and, when available, requesting an email address) and telephone (and, when available, requesting a telephone number) . This information can be used in future surveys to stratify the sample into two strata: 'with internet' and 'without internet but with telephone' . Those in the 'with internet' stratum would then receive the request to participate in surveys via email, while those in the 'without internet but with telephone' stratum would be interviewed by telephone . The validity of the inferences in each survey is conditioned by whether the panel is representative of the target population .
Non-response is another methodological issue requiring attention when mixing modes . Different modes may lead to different response levels and different compositions of the sample . The combination of the internet with the telephone is likely to increase the overall response rate . According to Cobben et al . (2007) , response rates to mixed-mode designs that involve only self-administered modes (web or paper) are lower than for designs involving interviews (telephone or personal) . Studies making a direct comparison between the web and the telephone also report differences in the response rates between the modes (e .g . Roster et al . 2004; Fricker et al . 2005) , pointing to lower rates on the internet . Sample adjustments to account for differences in response rates and sample composition make use of auxiliary information that is available at the sample or population level . Non-response is adjusted either by calibrating observed response distributions of auxiliary variables to known population distributions or by employing fieldwork process data (paradata) to model the (non-)response process . Cobben et al . (2007) present different strategies to adjust for non-response bias in the context of mixed-mode designs .
Regarding data quality, it is important to note that a mode-effect is a likely consequence of mixing modes (De Leeuw 2005) . The fact that people tend to give different answers to survey questions depending on the mode in which they are asked (Roberts 2007 ) is a major challenge for researchers because of the implications of mixing the modes for data comparability . Prior investigation of mode differences affecting responses suggests three broad hypotheses about why different modes may produce distinct levels of measurement error (Tourangeau et al. 2000) : (1) the modes differ in how much privacy they offer respondents; (2) the modes may encourage survey satisficing or promote different forms of satisficing to different extents; and (3) the modes utilise different sensory channels .
Comparative research involving the internet and the telephone does not produce consistent results on the existence of a mode effect . While Chang and Krosnick (2008) reveal that the web survey produced fewer satisficing behaviours, Fricker et al . (2005) reveal higher levels of 'non-differentiation' answers in the web survey, while Roster et al . (2004) report a higher percentage of item omissions on the web survey than on the telephone . Fricker et al . (2005) suggest mode equivalence for levels of acquiescence . In terms of patterns of responses to substantive variables, the results in the literature are also contradictory . Taylor (2000) found comparable results on several items, but significant differences (impossible to correct using traditional correctional weighting procedures) in others . Willems and Oosterveld (2003) show that using a mixed-mode approach to internet and telephone in a crossover research design produced comparable results -factor structures for ten scaled items were equivalent . The comparative study by Roster et al . (2004) shows that internet and telephone surveys produce equivalent results in behavioural measures, but significant differences in attitudinal measures . Dillman et al . (2009) found that, in aural modes (like the telephone), respondents tend to give more extreme responses on the positive ends of the scale compared to visual mode respondents, even after controlling for demographic differences . In short, it is not guaranteed that the internet and the telephone produce very different results, but the opposite cannot be guaranteed either . This is surely an area requiring further investigation in order to shed some light on the factors that may or may not account for mode equivalence . Despite the differences that distinguish the modes, it is important to note that both the internet and the telephone share the common feature of being computer-assisted modes, which is likely to help enhance the accuracy of survey data in both types of survey (Roberts 2007) . Moreover, mode effects can be mitigated by following careful guidelines for the development of 'mode insensitive' questionnaires, i .e . by building the questionnaire in such a way that the stimulus looks the same across different modes (Harkness et al. 2003) . Alternatively, adjustment procedures involving auxiliary variables to model the response process in each mode can be used to balance mode differences (Cobben et al . 2007) .
Finally, a comment on cost implications . The most cost-effective mode may not be optimal for a specific study, but if the researcher combines this mode with a second more expensive mode, he/she gets the best of both worlds: lower costs and less error than in a single-mode approach (De Leeuw 2005) . From this perspective, it is evident that when survey companies adopt hybrid designs they give primacy to internet and relegate the telephone to a supplementary mode because the cost per interview for internet surveys is much lower than for telephone surveys (e .g . Roster et al . 2004; Potoglou & Kanaroglou 2008) .
In the foreseeable future, survey design solutions that are both cost-effective and of good quality will need to employ some combination of modes to achieve adequate coverage of the survey populations (Blyth 2008) . The results for mixed-mode dual-frame internet + telephone design are promising as a means to improve coverage and thus reduce coverage error in internet surveys . 
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